Abstract
was fmt dissolved in refluxing HNO3/HF and then the solution was ftltered. The dissolved 238Pu was adjusted to the trivalent state by an excess of reducing reagents to compensate for radiolytic effects, precipitated as plutonium0 oxalate, and recovered by fitration. The plutonium0 oxalate was subsequently calcined to convert the plutonium to the oxide.
Decontamination factors for silicon, phosphorus and uranium were excellent. Decontamination factors for aluminum, chromium, iron and nickel were very good. The purity of the 238Pu02 recovered from this operation was significantly better than specifications.
Efforts continue to develop the capability for efficient, safe, cost-effective, and environmentally acceptable methods to recover and purify 238Pu02 fuel in a glovebox environment. Plutonium-238 materials targeted for recovery includes impure oxide and scrap items that are lean in 2 3 %~ values.
Plutonium-238 is an excellent radioisotope for heat source applidons in'space because of availability, power density, useful lifetime, minimal shielding requirements, and oxide stability. LANL experience with the plutonium-238 isotope goes back many years to pioneering efforts associated w i t h pacemaker development (Mullins 1972; Shupe 1970) . Several rooms containing dozens of glove boxes in our-facility-are dedicated to processing plutonium-238. Processing capability includes production-scale operations for oxygen-16 isotope exchange of plutonium-238 oxide fuel (to reduce neutron emission from alpha-N reactions), pellet fabrication, fuel cladding, and testing. Over 200 General Purpose Heat Source (GPHS) units containing -150 g 238Pu02 each have been fabricated over the last three years for Radioisotope Thermoelectric Generator (RTG) units. At the same time, dozens of smaller heat sources have been produced for use as Radioisotopic H e a t e r U n i t s m.
Additional plutonium-238 fuel for future heat source production could come from various sources in the DOE complex. Many of these alternative feedstocks can be recovered and purified in a glove box environment.
OUS PLUTONIUM CHEMISTRY

DissolUtion of hiph-fired plutoniUm-238 droxlde
The plutonium-238 oxide fuel used as feed for this study was fired at temperatures up to 1600 'C. Dissolution of plutonium oxide f i r e d to these temperatures is very slow and often incomplete in refluxing nitric acid (CleveIand) . Addition of a small amount of hydrofluoric acid aids oxide dissolution, but was too slow for out purposes. Our best dissolution results to date incorporate an initial milling of the 238puO2 feed in a high-energy ball mill. The milled oxide was stirred in a mixture . . of nitric and hydrofluoric acids refluxing at ambient pressure. This provided good dissolution efficiency after 7-8 hours at reflux. Each dissolved batch contained from 18 to 65 g of Pu02.
DISCLAIMER
Reagent grade chemicals were used to minimize introduction of contaminant elements. Teflon or polypropylene apparatus was used for handling 238Pu solutions to avoid leaching silicates from glassware.
m n i u m nrec ipitation and co nversion to ox ide
Several precipitation methods that have been used for purification and recovery of plutonium-238 were considered for this study. These include plutonium @I) oxalate, plutonium 0 oxalate, plutonium 0 peroxide, and plutonium (IV) hydroxide precipitations. Hydroxide precipitation would not be expected to provide selectivity with respect to metal impurities.
Plutonium (IV) oxalate precipitation provides good selectivity in decontaminating plutonium from many elements, but requires close control of several parameters. Plutonium 0 peroxide precipitation provides better decontamination from certain elements, but requires additional conversion steps to obtain the oxide. Plutonium oxalate precipitation was selected because of simplicity, speed and adequacy of purification. In particular, plutonium 0 oxalate precipitation requires no temperature control, shows little detrimental effect from excess oxalic acid, and has a rapid reaction, precipitation, and filtration time.
The large amount of radiolysis associated with plutonium-238 complicates control of the Pu oxidation state in nitric acid.
In general, the radiolysis of nitric acid produces a more oxidizing environment, and a larger proportion of P u o (Katz, 1986) .
The presence of additional oxidizing agents in the nitric acid increase the amount of reducing agents required to effect complete reduction to Pu(III). Others have observed that 238Pu is best reduced to Pu@I) by combinations of "holding reagents" and "reducing agents" (Greinetz 1980; Bumey 1984) . Holding agents react quickly with nitrite and other oxidizing species, reducing the rate of Pu(III) reoxidation, while the reducing agent rapidly reduces P u o and Pu(IV) in solution to Pu(III).
Hydroxylamine nitrate was used as the primary reducing agent, while either sulfamic acid or urea was the holding agent. One precipitation using only hydroxylamine nitrate as a reducing agent gave poor results. All steps were performed as rapidly as possible to minimize the effects of radiolysis. Precipitations varied from 9 to 30 g of Pu@ per batch.
For this study, recovered plutonium(III) oxalate was air-dried and then heated to dull red heat in a stainless steel, slip-top can on a hot plate for about 60 minutes to convert the material to the oxide. Heating for longer time produced no significant weight loss. While this heating method is adequate to produce plutonium oxide for analysis, heating to higher temperatures is required for plutonium oxide destined for use in GPHS programs.
De-
. . Table 1 shows analytical results for element impurities in the feed material and plutonium oxide produced by oxalate precipitation. The numbers in boldface type in Table 1 The first row in Table 1 lists the element limits in p d g that are specified in the GPHS standard (reference). Two different sources of plutonium-238 oxide fuel, as designated by Feed #1 and Feed #2, were utilized for the experiments. Analytical data from several plutonium(III) oxalate precipitation experiments are also shown. Good decontamination was achieved in all cases for silicon, phosphorus, chromium, iron and nickel, with somewhat poorer and mixed results for aluminum.
RESULTS
Actinide Ele ment Deco ntamination
me-first row in Table 2 lists the actinide impurities in pg/g-as-sp.g&j@ by the GPHS standard. The numbers in boldface type in Table 2 represent values observed for the actinide impurities. Those numbers presented in standard type indicate resuIts that are at or below the indicated detection limits. Among actinide impurities, uranium is of paramount concern as 234U is the daughter product of 238Pu by alpha decay. 234U was by far the largest actinide impurity observed in the feed material. Good decontamination was achieved for U, with modest decontamination also observed for Np. Am and Th showed no significant decontamination from Pu under the conditions of plutonium (ID) oxalate precipitation. As these actinides are well below the GPHS standard in the feed, they were not a major concern.
m o n n e l Exnosu re
This study and others (Shupe, 1970) have indicated that in the absence of fission products, significant quantities of plutonium-238 in solution may be safely handled in a glovebox environment equipped with proper shielding. Most of the gamma emission from plutonium-238 is of low energy and easily shielded. Most of the neutron emmission associated with plutonium-238 processing is produced by (a,n) reaction with light elements, spontaneous fission, and fast fission. The neutron output from (a,n) reactions can be minimized by avoiding light element contaminants, particularly Be, B and F. Additional neutron shielding will be incorporated on the glovebox to furlher reduce personnel neutron exposure for future work. Exposure fiom gamma can be further reduced by point-source shielding. NMT Division has expertise and facilities that make larger scale recovery and purification of plutonium-238 for oxide fuel a practical option. Additional supplies of plutonium-238 oxide fuel from many existing sources, including scrap and materials that fail the GPHS standard, can be recovered in a glovebox environment. For relatively pure 238Pu02 feeds, including those with significant 234U ingrowth, the plutonium @I) oxalate precipitation procedure is adequate to meet the GPHS fuel standard.
